Prostate cancer preferentially metastasizes to bone, resulting in high mortality. Strategies to inhibit prostate cancer metastasis include targeting both tumor-induced osteoblastic lesions and underlying osteoclastic activities. We and others have previously shown that blocking receptor activator of nuclear factor-KB ligand (RANKL) partially blocks tumor establishment and progression in bone in murine models. However, levels of RANKL in the cell lines used in these studies were very low, suggesting that soluble factors other than RANKL may mediate the cancer-induced osteoclast activity. To identify these factors, a human cytokine antibody array was used to measure cytokine expression in conditioned medium collected from primary prostate epithelial cells (PrEC), prostate cancer LNCaP and its derivative C4-2B, and PC3 cells. All prostate cancer cells produced high amounts of monocyte chemotactic protein-1 (MCP-1) compared with PrEC cells. Furthermore, levels of interleukin (IL)-6, IL-8, GROA, ENA-78, and CXCL-16 were higher in PC3 than LNCaP. These results were confirmed by ELISA. Finally, human bone marrow mononuclear cells (HBMC) were cultured with PC3 conditioned medium. Although both recombinant human MCP-1 and IL-8 directly stimulated HBMC differentiation into osteoclast-like cells, IL-8, but not MCP-1, induced bone resorption on dentin slices with 21 days of culture in the absence of RANKL. However, the conditioned mediuminduced bone resorption was inhibited by MCP-1 neutralizing antibody and was further synergistically inhibited with IL-8 antibody, indicating that MCP-1, in addition to IL-8, mediates tumor-induced osteoclastogenesis and bone resorption. MCP-1 may promote preosteoclast cell fusion, forming multinucleated tartrate-resistant acid phosphatase-positive osteoclast-like cells. This study may provide novel therapeutic targets for treatment of prostate cancer skeletal metastasis.
Introduction
Prostate cancer is the most common cancer and the second leading cause of cancer-related death of men in the United States (1) . The most common site of metastasis is the bone, with 70% to 80% of prostate cancer patients developing skeleton metastases (2) .
It is estimated that more than 350,000 patients a year in the United States die with bone metastases (3) . Prostate cancer skeletal metastases are most often radiographically characterized as osteoblastic lesions as opposed to osteolytic lesions with decreased bone mineral density. However, it is clear from histologic evidence that prostate cancer metastases form a heterogeneous mixture of osteolytic and osteoblastic lesions (4, 5) . Osteoblastic metastases clearly form on trabecular bone at sites of previous osteoclastic resorption and that such resorption may be required for subsequent osteoblastic bone formation (5) . The mechanisms through which prostate cancer cells promote bone resorption and subsequent woven bone formation remain poorly understood.
Osteoclast activities are important to the development of bone metastasis in several solid cancer types, including prostate cancer, breast cancer, and lung cancer (3, 6) . Because of the facts that increased osteoclastic activity is associated with tumor growth in bone microenvironment, antiresorptive therapies, such as administration of bisphosphonates or parathyroid hormonerelated protein neutralizing antibody, have been used in cancer patients or in animal models to block the tumor development in bone (7) (8) (9) (10) (11) (12) (13) . Bisphosphonates effectively reduce the metastasisrelated pain and skeletal complications (14) (15) (16) , and the decreased bone turnover rate may predict better outcomes in patients with bone metastasis (17, 18) . In prostate cancer metastasis animal models, we and others have previously shown that blocking receptor activator of nuclear factor-nB ligand (RANKL) partially prevents prostate cancer tumor establishment and progression in the bone in murine models (19) (20) (21) (22) . However, the levels of RANKL from the cells used in these studies were very low as tested in this study. Together with the clinical observations that there is no statistically significant relationship between serum or bone marrow soluble RANKL (sRANKL) levels and osteolytic disease of multiple myeloma (23) and bisphosphonate treatment does not affect serum levels of RANKL in hypercalcemic cancer patients (24) , it is plausible to hypothesize that soluble factors other than RANKL may mediate the tumorinduced osteoclast activity.
Chemokines, a family of low molecular weight cytokines that play key roles in immune response and in development of several cell types, are classified mainly into CC and CXC subfamilies according to the location of the first two cysteine residues. Various types of cancer cells, including prostate cancer cells (25) (26) (27) (28) , express chemokines and chemokine receptors (29) (30) (31) (32) . In addition, osteoblasts, osteoclasts, and bone marrow endothelial cells in the bone microenvironment have been shown to produce chemokines, such as monocyte chemotactic protein-1 (MCP-1; refs. 28, [33] [34] [35] [36] . Importantly, these chemokines may have significant effects on tumorigenicity and angiogenesis and regulate tumor cell migration and metastasis (26, 29, 37) .
MCP-1 is a member of the CC chemokine superfamily that plays a critical role in the recruitment and activation of leukocytes during acute inflammation. It is also expressed at the site of tooth eruption, rheumatoid arthritic bone degradation, and bacterially induced bone loss (38) . In patients with breast and ovarian cancers, increased MCP-1 serum levels were correlated with advanced tumor stage (39, 40) . It has been further shown that MCP-1 acts as a potent chemotactic factor for prostate cancer and myeloma cells (28, 36, (41) (42) (43) . Recently, it was shown that MCP-1 was induced by RANKL in osteoclast precursor cells (44) Figure 1 . Prostate cancer conditioned medium induced osteoclastogenesis, and RANKL in the conditioned medium was at minimum levels. A, single-cell suspensions (3 Â 10 4 cells per well) of RAW 264.7 cells were plated in a 96-well plate in DMEM plus 10% FBS. Cells were grown for 12 h, and then the medium was changed to DMEM plus 0.5% FBS. Conditioned medium from PrEC, LNCaP, C4-2B, PC3, and lung cancer A549 cells was harvested (as described in Materials and Methods) and added to a final concentration of 10% (v/v). Osteoclasts were identified as TRAP-positive multinucleated (more than three nuclei) cells. Representative micrographs of cultures for 24, 48, and 72 h. At 96 h, the cells were stained for TRAP. B, levels of sRANKL in control medium, PrEC, LNCaP, C4-2B, PC3, A549, and FOB cells were measured by ELISA. Columns, mean of triplicates; bars, SD. *, P < 0.005, compared with control medium. Figure 2 . Prostate cancer conditioned medium was assayed using a human cytokine antibody array. A, images of human cytokine antibody array that were assayed with conditioned medium obtained from control medium, PrEC, LNCaP, C4-2B, and PC3 cells. Details of the procedure are described in Materials and Methods. The signals of IL-6, MCP-1, RANTES, ENA-78, GROa, IL-8, VEGF, CXCL-16, and MMP-9 were labeled with rectangle boxes. B, autoradiographs of the arrays were scanned to determine the density of the protein array position. Data as mean value of fold increase relative to control medium. The value from scans was adjusted based on the intensity of positive control spots on each membrane.
and MCP-1-treated human peripheral blood mononuclear cells formed tartrate-resistant acid phosphatase (TRAP)-positive multinucleated osteoclast-like cells, but those cells were unable to resorb bone, indicating that MCP-1 may promote osteoclast fusion (45) . However, the role of MCP-1 in tumor-induced bone resorption has not been studied.
In this study, we used a human cytokine antibody array (174 cytokines and chemokines included) to identify the factors produced by prostate cancer cells that mediate tumor-induced osteolytic activities. We evaluated the role of MCP-1 in prostate cancer-induced bone resorption in vitro by osteoclast formation assay and bone resorption pit assay.
Materials and Methods
Reagents. Recombinant human (rh) and murine macrophage colonystimulating factor (M-CSF), RANKL, interleukin (IL)-8, MCP-1, IL-8 antibody, MCP-1 antibody, RANKL antibody, and isotype control antibodies were purchased from R&D Systems (Minneapolis, MN). All chemical reagents were purchased from Sigma (St. Louis, MO).
Cell culture. Human prostate cancer cell lines LNCaP and PC3 were obtained from the American Type Culture Collection (ATCC; Rockville, MD) and cultured in RPMI 1640 (Invitrogen Co., Carlsbad, CA). C4-2B cells (UroCor, Oklahoma City, OK), which are LNCaP sublines, were grown in T medium [80% DMEM, 20% Ham's F12 medium (Invitrogen), 5 Ag/mL insulin, 13.6 pg/mL triiodothyronine, 5 Ag/mL transferrin, 0.25 Ag/mL biotin, and 25 Ag/mL adenine]. Primary prostate epithelial cells (PrEC) were purchased from Cambrex Bioscience (Walkersville, MD) and grown in the specific culture medium provided by the Cambrex Bioscience. RAW 264.7 cells, murine osteoclast precursors obtained from ATCC, were cultured in DMEM (Invitrogen). SV40 large T antigen transfected and immortalized human fetal osteoblast (FOB) cells (ATCC) were cultured in medium with 50% DMEM and 50% Ham's F12 at 34jC. The human lung adenocarcinoma cell line A549 was obtained from ATCC and cultured with DMEM. All the media were supplemented with 10% fetal bovine serum (FBS), 100 units/mL penicillin, and 100 Ag/mL streptomycin.
Conditioned medium. PrEC, LNCaP, C4-2B, PC3, and A549 cells at 2 Â 10 6 were grown in 100-mm tissue culture dishes overnight in cell culture medium and washed twice with PBS, and the medium was changed to 1% FBS in RPMI 1640. After 48 h, the conditioned medium was collected. To normalize for differences in cell density because of proliferation during the culture period, cells from each plate were collected and total DNA content/plate was determined (spectrophotometric absorbance, 260 nm). Conditioned medium was then normalized for DNA content between samples by adding RPMI 1640.
Cytokine antibody array. RayBio Human Cytokine Antibody Array C Series 2000 kit was purchased from RayBiotech (Norcross, GA). This array was consisted of 174 different antibodies spotted in duplicate onto three membranes. Experiments were done as recommended by the manufacturer. Briefly, array membranes were incubated for 30 min in blocking buffer and then incubated for 2 h with 1.5 mL of the conditioned medium collected from PrEC, LNCaP, C4-2B, PC3, or medium of RPMI 1640 with 1% FBS as control (control medium). The membranes were washed, and a diluted cocktail of biotinylated antibodies was added for 90 min. Membranes were then washed again and the sandwiched antigens were detected by incubation for 2 h with a peroxidase-labeled streptavidin solution diluted to 1:1,000. Proteins were detected finally by enhanced chemiluminescence, and signals were captured on X-ray films. Array images were acquired at a resolution of 300 ppi on a Microtek scanner and quantified with ImageQuant TL software (Amersham Biosciences, Inc., Piscataway, NJ). The fold changes among samples were analyzed by using RayBio Antibody Array Analysis Tool provided by the company. For each spot, the net density gray level was determined by subtracting the background gray level from the total raw density gray levels. The data after background subtraction were normalized according to positive control densities.
ELISA. High-sensitive sRANKL enzyme immunoassay kit was purchased from Biomedica Gruppe (Divischgasse, Austria). Quantikine Human IL-6, MCP-1, RANTES, ENA-78, GROa, IL-8, vascular endothelial growth factor (VEGF), CXCL-16, and matrix metalloproteinase-9 (MMP-9) ELISA kits were purchased from R&D Systems. ELISAs were done according to the manufacturer's instructions.
Human bone marrow mononuclear cell culture. Human bone marrow mononuclear cell (HBMC) cultures were done as described previously (46) . The studies were approved by the Institutional Review Board of the University of Pittsburgh. Briefly, the mononuclear cell fraction from healthy donors was obtained by density gradient centrifugation over Ficoll-Hypaque (Sigma), and the mononuclear cells were incubated in a-MEM with 20% FBS at 5 Â 10 6 /mL overnight at 37jC in 100-mm tissue culture plates to separate nonadherent and adherent cells. The nonadherent cells were collected and used in cultures as the source for osteoclast formation assay and bone resorption assay as described below.
Osteoclast formation from HBMC and RAW 264.7 cells. Osteoclast formation assay was done by culturing 1 Â 10 5 per well nonadherent HBMC or 3 Â 10 4 per well RAW 264.7 cells either in 96-well plates in 0.1 mL of a-MEM with 20% horse serum for 3 weeks or in DMEM with 10% FBS for 4 days, respectively. For HBMC culture, half of the media with the same treatment refreshment were changed twice weekly. The cells were all incubated with rhM-CSF (10 ng/mL) and various treatment of rhMCP-1 (10 ng/mL), rhIL-8 (10 ng/mL), rhRANKL (50 ng/mL), or 10% conditioned medium from prostate cancer cells with or without MCP-1 neutralizing antibody at 1 Ag/mL or IL-8 neutralizing antibody at 200 ng/mL or RANKL neutralizing antibody at 1 Ag/mL. After 21 days of culture, the cells were fixed with 2% formaldehyde. Human osteoclastlike cells were identified by monoclonal antibody 23c6 (widely accepted antibody that specifically identifies human multinucleated cells expressing integrin a v h 3 ) using a Vectastatin avidin-biotin complex/alkaline phosphatase kit (Vector Laboratories, Inc., Burlingame, CA). The 23c6-positive multinucleated cells were scored using an inverted microscope. RAW 264.7 cells were treated for 4 days with 10% conditioned medium from prostate cancer cells. The cells were then fixed and stained with K-ASSAY TRAP staining kit (Kamiya Biomedical Co., Seattle, WA) after 4 days of culture. The positive staining cells that contained three or more nuclei under an inverted microscope were scored as osteoclast-like cells. All osteoclast formation was scored from three independent experiments.
Bone resorption assays. To do bone resorption pit assay, HBMCs (1 Â 10 5 per well) were seeded on the dentin slices in 96-well plate and treated as above. After 3 weeks of culture, osteoclasts on dentin slices were confirmed by TRAP staining and bone resorption lacunae were stained with hematoxylin. The mean area of resorption was determined microscopically with SPOT software (Diagnostic Instruments, Inc., Sterling Heights, MI).
Statistical analysis. Statistical analysis was done using StatView software (Abacus Concepts, Berkley, CA). ANOVA was used for initial analyses followed by Fisher's protected least significant difference for post hoc analyses. Student's t test was used for comparisons between two groups. Differences with a P < 0.05 were determined as statistically significant.
Results
Prostate cancer conditioned medium induces in vitro osteoclastogenesis through both RANKL-dependent and RANKL-independent pathways. We previously reported that prostate cancer conditioned medium induced osteoclast formation in RANKL-dependent manner (19) . In this study, to further determine whether prostate cancer cells also induce osteoclastogenesis through RANKL-independent pathway, we cultured murine osteoclast precursor cells RAW 264.7 with conditioned medium collected from LNCaP or PC3 cells. Within 24 h of culturing, RAW cells started to differentiate into multinuclear cells, and at 96 h, both LNCaP conditioned medium and PC3 conditioned medium induced TRAP-positive multinuclear cell formation (Fig. 1A) . In contrast, at least 96 h were needed for osteoclast formation when the cells were treated with sRANKL at 50 ng/mL concentration. Furthermore, the levels of sRANKL in the conditioned medium were measured by ELISA. All prostate cancer cells, as well as lung cancer A549 used as a positive control, produced minimum amount of sRANKL at picomolar level compared with FOB cells (Fig. 1B) . A549 is a known line that produces RANKL and induces a mixed osteolytic and osteoblastic lesion in bone (47) . These results suggest that factors other than RANKL may mediate the tumorinduced osteoclastogenesis.
Prostate cancer cells produce high amounts of MCP-1 and IL-8. To identify factors that present in the conditioned medium that induce osteoclastogenesis, a human cytokine antibody array was used to analyze cytokine production in conditioned medium collected from PrEC, LNCaP, C4-2B, and PC3 cells. All prostate cancer cells produced high amount of MCP-1 and IL-8 compared with control medium ( Fig. 2A and B) . Levels of MCP-1 and IL-8 were greater in C4-2B and PC3 cells compared with PrEC cells. In addition, levels of IL-6 were greater in PC3 cells compared with LNCaP and C4-2B. Levels of GROa were greater in LNCaP, C4-2B, and PC3 cells compared with PrEC cells. Levels of VEGF, CXCL-16, and MMP-9 were greater in PC3 cells compared with PrEC cells.
Confirmation of cytokine array data by ELISA. To validate the findings in cytokine array experiment, we measured the levels of IL-6, MCP-1, RANTES, ENA-78, GROa, IL-8, VEGF, CXCL-16, and MMP-9 in the conditioned medium used for the cytokine array (Fig. 3) . Consistent with the array observation, MCP-1 levels in LNCaP, C4-2B, and PC3 cells were significantly greater than PrEC cells. MCP-1, ENA-78, and GROa levels were significantly greater in C4-2B and PC3 cells compared with LNCaP cells. RANTES levels were significantly greater in C4-2B cells compared with LNCaP cells. Levels of IL-8, VEGF, CXCL-16, and MMP-9 in LNCaP, C4-2B, and PC3 cells were significantly greater compared with PrEC cells, whereas PC3 produced the highest amounts.
Neutralizing antibodies for MCP-1 inhibited the prostate cancer conditioned medium-induced osteoclast formation. To determine the role of MCP-1, in addition to RANKL and IL-8, in the prostate cancer conditioned medium-induced osteoclastogenesis, the HBMCs were cultured with PC3 conditioned medium (10%) in the presence of neutralizing antibodies for MCP-1, IL-8, RANKL, or combination of the two or three antibodies. PC3 conditioned medium as well as LNCaP conditioned medium induced multinucleated osteoclast-like cell formation, and this induction was diminished significantly by each individual antibody, whereas the adding of three antibodies blocked >80% of osteoclast formation ( Fig. 4A and B) . As expected, the rhMCP-1 or rhIL-8 or rhRANKL induced osteoclast formation in vitro, and the combination of the three recombinant molecules showed the strongest induction. Importantly, anti-MCP-1 antibody efficiently blocked the osteoclast fusion compared with the anti-IL-8 or anti-RANKLtreated cells. These results indicate that MCP-1 may play a key role in tumor-induced osteoclast fusion process. Because the HBMCs might contain marrow stroma or osteoblasts, these experiments did not differentiate if the inhibition of osteoclast formation in this system was due to a direct or indirect effect. Thus, RAW 264.7 cells, the osteoclast precursors, were further determined in the same way but in the absence of supporting stroma/osteoblasts cells ( Fig. 4C  and D) . Exogenous MCP-1 itself stimulated osteoclast fusion in this in vitro system. Furthermore, PC3 conditioned medium induced osteoclast fusion and osteoclast formation that was inhibited by each individual antibody. These data provided strong evidence that MCP-1 promotes preosteoclast fusion. Of interest, within 7 days of culture, PC3 conditioned medium induced multinucleated osteoclast-like cell formation from HBMCs, whereas the sRANKL (50 ng/mL) required minimum 14 days (data not shown).
Neutralizing antibodies for MCP-1 and IL-8 synergistically diminished prostate cancer conditioned medium-induced bone resorption. To further evaluate the role of MCP-1, in addition to RANKL and IL-8, in the prostate cancer conditioned medium-induced bone resorption, HBMCs were seeded on the dentin slices and bone resorption pit assays were done. After 3 weeks of culture, the area of resorption was determined (Fig. 5A  and B) . PC3 conditioned medium induced the greatest bone resorption (45%), whereas LNCaP conditioned medium (15%) and C4-2B conditioned medium (19%) had less effect. As a control experiment, both rhIL-8 and rhRANKL, but not rhMCP-1, induced bone resorption. However, PC3 conditioned medium-induced bone resorption was inhibited by MCP-1 neutralizing antibody by 53% at Figure 4 . Neutralizing antibodies for MCP-1 diminished the prostate cancer conditioned medium (CM )-induced osteoclast formation. Nonadherent HBMC was cultured at 1 Â 10 5 per well in 96-well plates for 3 wks. HBMC cultures were all incubated with rhM-CSF (10 ng/mL) and indicated treatment of rhMCP-1 (10 ng/mL), rhIL-8 (10 ng/mL), rhRANKL (50 ng/mL), or 10% conditioned medium from PC3 cells with or without MCP-1 neutralizing antibody at 1 Ag/mL or IL-8 neutralizing antibody at 200 ng/mL or RANKL neutralizing antibody at 1 Ag/mL. After 3 wks, the human osteoclast-like cells were identified by monoclonal antibody 23c6. The positive staining cells that contained three or more nuclei were scored as osteoclast-like multinucleated cells. A, representative micrographs of HBMC cultures stained for monoclonal antibody 23c6. B, a number of osteoclast-like multinucleated cells per well were quantified. Samples were evaluated in quadruplicate. Columns, mean; bars, SD. Data were analyzed using one-way ANOVA. *, P < 0.001, compared with control medium-treated group; **, P < 0.01, compared with PC3 conditioned medium-treated group; c, P < 0.001, compared with PC3 conditioned medium-treated group; { , P < 0.005, compared with rhMCP-1-treated group; # , P < 0.0001, compared with rhMCP-1-treated group.
concentration of 1 Ag/mL and was further synergistically inhibited with either IL-8 antibody or RANKL antibody. This inhibition of bone resorption by MCP-1 antibody was in a dose-dependent manner (data not shown). IL-8 neutralizing antibody at concentration of 200 ng/mL inhibited 48% of PC3 conditioned mediuminduced bone resorption, whereas RANKL neutralizing antibody at concentration of 1 Ag/mL inhibited only 16% of PC3 conditioned medium-induced bone resorption. The combination of the above three antibodies blocked 91% of the PC3 conditioned mediuminduced bone resorption. These results indicate that MCP-1, in addition to IL-8 and RANKL, mediates tumor-induced osteoclastogenesis and bone resorption.
Discussion
By using a human cytokine array approach, we identified MCP-1 from conditioned medium collected from prostate cancer LNCaP and its derivative C4-2B and PC3 cells that mediate prostate cancer-induced osteoclastogenesis and bone resorption. Together with previous report that prostate cancer induces osteoclastogenesis through RANKL-dependent pathway (19) , we further showed, in this study, that prostate cancer also induces osteoclastogenesis through RANKL-independent pathway. To our knowledge, this is the first report that showed that MCP-1 plays key role in tumor-induced osteoclast differentiation and fusion.
Various types of cancer cell, including prostate cancer cells, express chemokines (25) (26) (27) 30) and chemokine receptors (29, 30) . In addition to inducing inflammatory cell infiltration into the tumor, local chemokines may also mediate angiogenesis, serve as growth factors, and regulate tumor cell migration or metastasis. We found that prostate cancer cells produced significant amount of MCP-1, in addition to other cytokines and chemokines, such as IL-8, and more aggressive cells (PC3) secreted greater MCP-1 compared with less aggressive tumor cell lines (LNCaP). Consistent with the recent findings that MCP-1 induces osteoclast fusion (45), we observed that, although MCP-1 alone cannot induce bone resorption in vitro, both prostate cancer cell-induced osteoclastogenesis and bone resorption were inhibited by neutralizing antibody for MCP-1, and this effect was synergistic with neutralizing antibody for either IL-8 or RANKL. In the current study, we paid specific attention to the use of 20% horse serum in human bone marrow osteoclast formation and bone resorption assays and 10% FBS in murine osteoclast formation assay for RAW Figure 4 Continued. C, representative micrographs of RAW cell cultures stained for TRAP. D, a number of osteoclast-like multinucleated cells per well were quantified. *, P < 0.001, compared with control medium-treated group; **, P < 0.01, compared with PC3 conditioned medium-treated group; c, P < 0.001, compared with PC3 conditioned medium-treated group; # , P < 0.001, compared with rhMCP-1-treated group.
264.7 cells because there is a possibility that adding serum may confound the results. Accordingly, critical experiments of using control medium (RPMI 1640 plus 1% FBS) as a basal control and incorporating the neutralizing antibodies for MCP-1, IL-8, and RANKL into these functional assays were included, although we still might not exclude a possibility of existing other functional factors, other than MCP-1, IL-8, and RANKL, in this culture condition.
In this study, we further observed that IL-8 mediated prostate cancer-induced osteoclast activity and bone resorption and this induction is independent of RANKL. In accordance with this finding, a recent report in breast cancer bone metastasis animal model showed that IL-8 promotes the tumor-induced osteolysis (48) . Another study showed that IL-8 promotes androgenindependent growth and migration of LNCaP cells (49) , suggesting that IL-8 may facilitate transition of prostate cancer to an androgen-independent state. Therefore, our results provided more evidence of the functional significance of IL-8 in the multiple steps of the metastatic cascade, specifically in prostate cancer-induced bone lesions.
The majority of chemokines are secreted as small soluble molecules. However, CXC chemokine ligand CXCL-16 is expressed on the cell surface as membrane-bound molecule. The membrane-bound form of CXCL-16 can be cleaved by a disintegrin and metalloproteinase-10, and the cleaved soluble form of CXCL-16 induces migration of activated T cells. It has been reported that CXCL-16 is expressed not only by dendritic cells, macrophages, B cells, T cells, smooth muscle cells, and umbilical endothelial cells but also by colorectal adenocarcinomas (50) . In this study, CXCL-16 was shown to be produced by prostate cancer cells. Interestingly, the level of CXCL-16 was greater in PC3 cells compared with LNCaP cells. The possible role of CXCL-16 and its receptor CXCR6 in pathobiology of different tumors, including prostate cancer, certainly needs to be further studied.
In summary, we have found that MCP-1 is produced by prostate cancer cells. It is a critical mediator for prostate 5 per well were seeded on the dentin slices in 96-well plate and treated as in Fig. 4 . After 3 wks, the dentin slices were stained with TRAP staining kit and then the cells on the dentin slices were then removed by rubbing the slices, and area of resorption was determined microscopically with SPOT software. A, representative images of resorption pits on dentin slices. B, samples were evaluated in triplicates. Columns, mean; bars, SD. *, P < 0.001, compared with control medium-treated group; **, P < 0.005, compared with PC3 conditioned medium-treated group; c, P < 0.01, compared with PC3 conditioned medium-treated group plus anti-MCP-1-treated group; { , P < 0.001, compared with PC3 conditioned medium-treated group; # , P < 0.001, compared with either rhIL-8-treated or rhRANKL-treated groups.
cancer-induced osteoclastogenesis and bone resorption. Together with other cytokines and chemokines, such as IL-8 and RANKL, MCP-1 may form a network that mediates the increased bone destruction associated with the tumor growth. This study may provide a novel therapeutic strategy to target chemokine, such as MCP-1, for treatment of prostate cancer skeletal metastasis.
